We report that two species of basidiomycete fungi (Polyporus versicolor and Poria monticola) grow in minimal liquid or solid medium when supplemented with crushed lignite coal. The fungi also grow directly on crushed lignite coal. The growth of both fungi was observed qualitatively as the production and extension of hyphae. No fungal growth occurred in minimal agar medium without coal. The fungi degraded solid lignite coal to a black liquid product which never appeared in cultures unless fungi and coal were present together. Apparently, lignite coal can serve as the principal substrate for the growth of the fungi. Infrared analyses of the liquid products of lignite degradation showed both similarities to and differences from the original lignite.
We report that two species of basidiomycete fungi (Polyporus versicolor and Poria monticola) grow in minimal liquid or solid medium when supplemented with crushed lignite coal. The fungi also grow directly on crushed lignite coal. The growth of both fungi was observed qualitatively as the production and extension of hyphae. No fungal growth occurred in minimal agar medium without coal. The fungi degraded solid lignite coal to a black liquid product which never appeared in cultures unless fungi and coal were present together. Apparently, lignite coal can serve as the principal substrate for the growth of the fungi. Infrared analyses of the liquid products of lignite degradation showed both similarities to and differences from the original lignite.
Although coal conversion technology has been studied since at least 1780 (9) , little attention has been directed toward the biological degradation of coal, perhaps because there have been few reports of organisms which can metabolize coal. Belly and Brock (4) developed a technique for measuring 14CO2 uptake by chemolithotropic bacteria directly in pyritic materials associated with coal and coal refuse. Maximal 14Co2 uptake occurred in coal refuse material 2 to 3 years old. Only slight incorporation was reported for fresh material or material 40 years old. Kucher and Turovskii (13) reported optimal conditions for the growth of the yeast Candida tropicalis in aqueous extracts of oxidized coal. Holladay et al. (10) reported the biodegradation of phenolic waste liquors resulting from the pyrolysis of coal.
We found no reports offungi that grow directly on and metabolize naturally occurring coal. This is the first report of fungal growth either directly on lignite coal or in minimal medium supplemented with crushed coal.
MATERIALS AND METHODS
Polyporus versicolor ATCC 12679 and Poria monticola ATCC 11538 were obtained from the American Type Culture Collection, Rockville, Md. Lignite coal was obtained from the American Colloid Co., Skranton, N. Dak. A geological analysis of the lignite indicated that it originated in the upper Paleocene era. All coal used in the experiments was derived from bulk pieces in which the grain of the woody tissues from which it was formed was preserved.
Both Polyporus versicolor and Poria monticola were routinely maintained and cultured in Sabouraud maltose broth and on Sabouraud maltose agar (28°C; 80% relative humidity; pH 5.8). All culture media were sterilized in 1-pint (ca. 0.473-liter) jars before inoculation, all fungal transfers were performed aseptically in a laminar flow hood, and all materials which came into contact with the cultures were sterilized before use. Experimental cultures were incubated as described for stock cultures. Two-week-old 1-pint broth cultures of both Polyporus and Poria mycelia were aseptically accumulated and placed into 100-ml milk dilution bottles containing sterile glass beads and distilled and deionized (D/D) water. The bottles were then stoppered and shaken to disrupt hyphae. Accumulated hyphal suspensions were then filtered through groundglass filter paper and washed with 1 strate was the lignite coal. In the solid lignite cultures, vegetative hyphae of both fungi were observed to grow up onto the solid lignite piece and completely cover it ( Fig. 1 and 2 ). The grain of the plant material from which the lignite was formed could be seen on the pieces, and the hyphae followed the pattern of the grain. In approximately half of all cultures, several drops of a black viscous liquid substance appeared on top of the hypha-covered lignite pieces ( Fig. 3  and 4) . After some of this liquid was drawn off for analysis, several more milliliters of black liquid were produced. The production appeared to be continuous because the Sabouraud malt agar, initially a pale straw color, progressively darkened and became uniformly black during the incubation period after the fungal hyphae covered the lignite piece. In identical cultures incubated as described above but without inoculation with Polyporus versicolor or Poria monticola and in Sabouraud maltose agar cultures of the fungi, the agar maintained a pale straw color and never darkened during the time of testing (Fig. 5) . This established that the source of the black liquid was the lignite coal and that the digestion of the coal by Polyporus versicolor or Poria monticola was necessary to produce the black liquid digestion product.
Both lignite and the black liquid exudates were analyzed by IR spectroscopy. The absorption spectra are shown in Fig. 6 . Figure 6A shows the IR absorption spectrum of a mugol mull of similar lignite coal samples from which APPL. ENVIRON. MICROBIOL. The black liquid appears as several drops on top of the hypha-covered lignite piece and has also diffused into the medium, causing it to darken. the black liquid digestion product was produced. The band at 3,400 cm-1 (H-bonded OH) is broad due to extensive hydrogen bonding (7). In lignite, the bands at 2,920 and 2,850 cm-1 (aliphatic C-H stretching) do not appear to indicate a high degree of aliphatic hydrocarbon structure (4, 8) . This is typical of lignite coal. The shape and intensity of the band at 1,600 cm-' are typical of lignite, and a controversy over specific band assignment has been reported (8) cm-1 (C-O) (3), 1,680 cm-1 (aryl ketones or conjugated carbonyl) (5), and 1,410 cm-1 (carboxylic anionic groups, carbonate, and CH2) (4).
The spectra in Fig. 6B and C also show a shift of the band at 1,600 cm-1 present in lignite down to 1,580 cm-'. Band shifts to lower wave numbers generally represent an increase in the resonance offunctional groups (8) . This same shift of absorption has been reported to occur in the IR absorption spectrum of lignite after pyrolysis at 450°C (6) . We interpreted this result to mean that conjugated aromatic rings responsible for absorption at 1,600 cm-' had been structurally modified by the digestion of lignite by Polyporus versicolor and Poria monticola at 28°C in a manner similar to the ring modification produced by pyrolysis at 450°C.
The spectrum in Fig. 6C shows fewer regions of IR absorption compared with the spectrum in Fig. 6B (2) . However, the mechanism and biochemical pathways of lignin biodegradation have not been specifically defined (12 ed to be based on the production of ,-glucosidases which attack principally celluloses (11) . Recently, Schmidt et al. (17) have proposed that the brown-rot mechanism occurs nonenzymatically through the production of free radicals which degrade cellulosic polymers. This physiological difference could explain why the growth of Polyporus versicolor was more extensive and rapid than that of Poria monticola on lignite agar medium.
We have not established that the degradation of lignite occurred enzymatically or that specific digestive enzymes were produced. Although some activity of fungal growth was necessary to degrade the lignite, the biochemical mechanism has not been defined.
The fact that only half of all cultures on lignite pieces produced the black liquid digestion product may indicate that a process of adaptation to lignite has occurred in these cultures or that the lignite sample has a heterogeneous chemical composition. Due to differences in the digestive action of the two fungi, variations in the chemical composition of the black liquid breakdown products of lignite would be expected; this was confirmed by IR analyses. The products produced from lignite by Polyporus versicolor and Poria monticola have similarities in basic composition to lignite and to each other, but they appear to be different. 
